Abstract. The electric vehicle charging load forecasting is influenced by many factors and full of randomness and complexity based on the charging operation history data and according to the different types of charging power of different charging behavior, we propose Monte Carlo simulation calculation method which extracts the initial state of charge and the start time of charging. The behavior of different charging methods and different vehicles are classified according to the charging requirements, we selected the starting time and duration of charging as the key factors affecting the charging load time distribution, combined with the statistical analysis of users' charging behavior, to establish the charging load time distribution model. On this basis, we divided the charging load areas to establish the time and space distribution model of charging load. Through the examples analysis, we predicted the temporal and spatial distribution of the load level of the electric vehicle in Chongqing. The analysis results show that with the development of electric vehicle in Chongqing, the charging load will have great influence on the operation and planning of power grid. The charging load has obvious peak to valley difference, and the potential of load regulation is great.
Introduction
With the increasingly serious energy shortage situation, environmental problems have become increasingly prominent. The electric vehicles as a low-carbon clean transportation, having great advantages to alleviate the energy crisis and promote the harmonious development of human and environment. The development of electric vehicle industry is mainly restricted by 3 factors: cost price, mileage and charging facilities construction. The prediction of the space time distribution of electric vehicle charging load will provide an important basis for the design of rated mileage and charging facilities planning of electric vehicles, and is of great significance to promote the development of electric vehicle industry.
The main factors affecting electric vehicle charging load include the size of electric vehicles, state of charge (SOC), charging power, charging time, battery capacity and so on. The factors of size and initial SOC of electric vehicles are given in the research of literature [1] .In [2] , authors considers the initial SOC in different scenarios and different scale of driving behavior. For EV charging power, authors in [3] assumes that the charging power is single and authors in [4] consider a variety of possible charging power for electric vehicles. For charging time, authors in [1] assume that electric vehicles charge randomly in a fixed period of time; authors in [3] suppose that starting charging time are fixed; authors in [4] analyze the charging time distribution based on driving behavior data. The authors in [1, 2, 3, 4] considers only the single plug-in hybrid electric vehicle in the study of the charging load of electric vehicles, and the battery capacity of the electric vehicle is also fixed.
At present, the published articles have divided different types of electric vehicles according to the charging time, the way of charging and initial SOC, but not at the same time considering the charging load at different places in different time; and the analysis of the charging demand are assumed that all vehicles are charged fully or charged to a given capacity, without considering the different needs of the vehicle charging.
In this paper, we analyze the development status and trend of EVs in China, combined with the investigation of the main types of electric vehicle charging in future. We also put forward the load calculation model of the temporal and spatial distribution of EVs charging and electric vehicle charging load calculation method based on Monte Carlo simulation [5] . At last we calculate and analyze the electric vehicle charging load of future Chongqing.
Development Status and Quantity Change Characteristics of Electric Vehicles
Our country "energy-saving and new energy automotive industry development plan (2012-2020)" proposed, to 2020 new energy cars will reach 3 million vehicles. According to the report of the Ministry of industry and information technology, in 2030 national EVs ownership will reach 50 million units, and the share of electric cars in the automobile market will reach 20%~30%.
By analyzing the current development of electric vehicles in China, combined with the development planning of electric vehicles issued by the national and some provinces and cities, we sum up the general trends for the future of electric vehicles: in 2015-2020, electric vehicles mainly operate in the bus and taxi; in 2020-2025 years, the electric vehicles will operate in large scale in the public transport system; and in 2020-2030 years, the private EV cars will develop faster, the proportion also increase year by year.
Domestic research usually classified electric vehicles into 4 categories: buses, taxis, official cars and private cars. The running characteristics of buses and official vehicles is obvious, the charging time and charging space are relatively fixed; the charging time of taxi is obvious, and the location is random; private cars are mainly used for work and daily life, whose charging time and place are very complex, are usually reclassified to get statistical laws.
Charging Behavior Characteristics of Electric Vehicles
The charging behavior of electric vehicles has time and space characteristics. Time characteristics are usually described by some parameters, such as initial charging time, charging duration, starting time of the first trip and ending time of the last trip. The spatial characteristics are used to describe the state of the electric vehicles and the location of the vehicles. At present, the calculation method based on the travel characteristics considers that the alternative use of electric vehicles to traditional vehicles will not affect the user's travel characteristics, thus using the statistical data of users' trip characteristics taken from the US NHTS statistical results [6] to study.
In this paper, the electric vehicles are divided into 4 categories: buses, taxis, official cars and private cars. The charging facilities according to the construction site are divided into the following 3 categories: private charging stations (RPC) in residential areas, public charging stations (OPC) in office areas, and public charging stations (CPC) in industrial and commercial areas.
Time Charging Characteristics of Electric Vehicle
The initial charging time of electric vehicles are affected by the use of electric vehicles, the operating time and the type of users [7] .
According to the data analysis and investigation of different types of electric vehicles in Chongqing area, the average daily mileage of electric buses and taxis are longer, thus charging two times a day to meet the needs of the day. Because of the long charging time, the bus can use the conventional charging method, and the taxi usually uses the fast charging method due to the short charging time. The official vehicles and private cars also take the conventional charging method. Table 1 summarizes the time charging characteristics of a single electric vehicle. 
Space Charging Characteristics of Electric Vehicle
The charging load of single electric vehicle has great randomness, but the charging load of large-scale electric vehicles has relative stability. For the four types of electric vehicles, according to their charging behavior and driving characteristics, the distribution characteristics of charging areas of different types of electric vehicles are obtained, as shown in Table 2 . 
Prediction of Electric Vehicle Charging Load Considering Time and Space Distribution Relative Hypothesis
According to the previous analysis, many factors will affect the charging power demand of electric vehicles. Referring to the current development of electric vehicles, this paper makes the following assumptions about the electric vehicles studies:
1) The power consumption per 100 km of private cars and taxis is fixed to 15kWh, and the power consumption per 100 km of buses and official vehicles is fixed to 30kWh;
2) Private cars, public transport vehicles and buses begin recharging after the last trips, and taxis charge each outage;
3) Private cars, public cars and buses take the 0.2C charging rate AC current for charging, and the taxi takes the DC current of 1C charging rate to charge;
4) The charging time of each type of vehicle is long enough and each charge reaches full capacity; 5) The charging start time, daily mileage and charging power of different types of vehicles are independent random variables; 6) Assuming that all vehicle charging methods are conventional or fast charging, the charging efficiency is 90%;
7) The rated voltage of Li-ion battery used by taxi and bus is 320V, rated capacity 200 A·h, and the conventional and fast charging power are 14kW and 90kW respectively;
8) The rated voltage of Li-ion battery used by private and official cars is 320V, rated capacity 100 A·h, and the conventional and fast charging power are 7kW and 45kW respectively.
Space Time Calculation Model of Electric Vehicle Charging Load
The difficulty of charging load calculation is to analyze the initial charging time of EV and the randomness of initial SOC. We do not consider the spatial characteristics of EV charging, the day is divided into 24hs, each hour of each electric vehicle has a charging power, and each charging load curve can be accumulated. The total charging load is the sum of the charging load of all vehicles at this time, and the total charging power can be expressed as the sum of the total charge power:
In Eq.1 and Eq.2: L i is the total charge load of i hours, i=1, 2,... 24; L a is the total electric vehicle charging load in one day; N a is the total number of all types of electric vehicles; P n,i is the charging power of n EV in i hours.
We now consider the spatial characteristics of the electric vehicle charging load, in front of the analysis of electric vehicle driving state are running and suspended states, only in a suspended state can vehicles charge. Now we define a function of the position variable A n (i), its value is three 1, 2, 3 respectively. When the value is 1, means the electric cars park in residential areas of the station (RPC); when the value is 2, means the electric cars park in the District Office of the station (OPC); when the value is 3, means the electric cars park in the business district station (CPC). The position variable A n (i) of each electric vehicle can only have one value at any hour. At this point, we can calculate the total charge load of each area in one day:
In Eq.3: L a,r means the total day charging load of residential areas. In Eq.4: L a,o means the total day charging load of office areas. In Eq.5: L a,c means the total day charging load of industrial and commercial areas. L a means total electric vehicle charging load in a day.
Charging Load Calculation of Electric Vehicle Based on Monte Carlo Simulation Development Scale Forecast of Electric Vehicles
By the end of 2016, the number of motor vehicles in the country reached 290 million, of which 194 million are cars; in detail data, the number of car ownership in Chongqing ranks 3 million 280 thousand among the national cities in third. According to the corresponding proportion, we can predict that the number of electric vehicles in Chongqing is 51 thousand, 169 thousand and 845 thousand in 2020, 2025 and 2030 respectively. Table 3 predicts the number of 4 types of electric vehicles in 2020, 2025 and 2030 based on the existing data statistics and development trends of electric vehicles. 
Charging Load Calculation
According to the previous analysis and hypothesis, combined with the actual operation of Chongqing electric vehicles, the charging load of Chongqing area in 2020, 2025 and 2030 was simulated respectively. The charging load curves are shown in Figure 1 , figure 2 and figure 3 , respectively. According to the electric vehicle charging load curve above, we can find that the electric vehicles will bring new load growth to the grid in the future. The charging load has two obvious peak in the morning and evening respectively for the time of 08:00-12:00 and 18:00-22:00, the first peak is generated at the office in working days because of the private car start charging centrally and the bus also begin charging. The second peak was mainly caused by private cars charging in the evenings after work. In addition, in the early morning, due to the taxi, private car and official car charging, there will produce a small charging peak. Through the chart, we can get that in 2020, 2025 and 2030, the peak value of electric vehicle charging load is 0.163GW, 0.522GW and 2.54GW, respectively.
Next we simulated different charging load of the day of 2020, 2025 and 2030 according to different charging needs in different functional areas in Chongqing. The charging load curves are shown in Figure 4 , Figure 5 and figure 6, respectively. The charging load curve in different functional areas of Chongqing shows that the load of residential area and office area is larger in one day, and the load in industrial and commercial area is smaller. And the peak value of charging load in residential area is concentrated in 18:00-22:00 time period, the peak value of charging load in office area is concentrated in 09:00-11:00 time period, and there is only one peak value in the industrial and commercial area at 03:00-04:00 hours.
Summary
The electric vehicle charging load is affected by many factors, so it is difficult to establish a mathematical model between the load and these factors. Based on large amount of operation data, the temporal and spatial distribution model of charging load, we analyze and forecast different charging load curves in different regions of Chongqing in 2020, 2025 and 2030 year. The calculation methods and prediction results used in this paper have a certain reference value for the research and prediction of the temporal and spatial distribution of China's electric vehicle charging load in the future.
Electric vehicle operation rules involved in the paper are based on the data of Chongqing area, the future can carry out relevant research work in other areas, more accord with the actual situation of each region. We also selected parameters subjectively such as initial SOC, initial charging time, through further investigation of various types of electric vehicles with different driving behavior and charging type, then set the corresponding parameters, so as to make it a more reasonable result that can be more consistent with the actual situation.
